. A previous study characterizing chloride and bicarbonate transport in fetal erythrocytes from humans (Brahm & Wimberley, 1989) led to the conclusion that erythrocytes at the stage of gestation have the same qualitative and almost the same quantitative anion transport properties as those of adults.
In the present study we have determined chloride and bicarbonate transport in chick embryonic erythrocytes with the purpose of describing the anion transport kinetics in the red cells at a very early stage of life. While the presence of band 3 protein in the membrane of primitive embryonic red cells has repeatedly been demonstrated (cf. Chan, 1976 Chan, , 1985 , there have been no direct measurements of band 3-dependent anion fluxes in these cells.
The study was prompted by the previous observation that the proton and chloride distributions of primitive red cells are not in equilibrium (Engelke, Zingel & Baumann, 1988) . This result contrasts with the generally accepted model for proton distribution across the membrane of adult mammalian or avian red cells. There protons are in equilibrium across the membrane due to the fact that the membrane acts selectively for anions (the membrane potential being close to the equilibrium potentials for chloride and bicarbonate), and, because of the hydration/ dehydration of bicarbonate, the protons distribute across the membrane in an inverse ratio. However, this model does not apply to immature embryonic chick red blood cells, as the internal pH is too low and the membrane potential too negative (Engelke et al. 1988) . The membrane potential of these cells could not therefore be caused by the chloride distribution only. In fact the experimental data show that the membrane potential of embryonic red cells from early chick embryos is dominated by a proton conductance (Engelke et al. 1988) .
Furthermore, when cell pH measurements of early embryonic red cells (day 4) were performed in the absence and presence of C02, the disequilibrium between the Cland H+ distributions persisted (Sieger, Reinhardt & Baumann, 1993) , despite the fact that in these experiments band 3 protein was not blocked. The present study was therefore carried out to determine whether band 3 of early embryonic red cells has different anion transport characteristics from those of the adult.
METHODS Electrolyte media and chemicals
The following media were used (mM). (1) KCl, 1-5 CaC0, 5 D-glucose, 20 Hepes, pH 7-5 at 0 0C.
The chemicals used besides the above-mentioned components were 4,4'-diisothiocyanostilbene-2,2'-disulphonate (DIDS) (a gift of Professor Klaus Schnell, University of Regensburg, FRG); and SNARF AM-1 (Molecular Probes, Inc., Eugene, OR, USA).
Radioactive isotopes and determination of radioactivity
The radioactivity of 36Cl-and H14CO3 was measured by liquid fl-scintillation using a Packard 1500 Tricarb liquid scintillation analyser in Rotiszint 22 scintillation cocktail (Karl Roth KG, Karlsruhe, FRG) .
For determination of the Cl-self-exchange, 0 5 ml of the filtrate was added to 10 ml of the scintillation cocktail, followed by 0 5 ml 10 % (v/v) trichloroacetic acid (TCA (Funder & Wieth, 1967) for determinations of cell water content and tracer distribution and in 8 ml tubes for efflux measurements in the continuous flow tube apparatus (cf. below).
Chloride-bicarbonate efflux at 37 0C
The washed and packed erythrocytes were resuspended in medium B to a haematocrit of 10 %. The medium contained 1 mM acetazolamide, which inhibits carbonic anhydrase activity and hence minimizes the loss of radioactivity owing to the formation of 14CO2. Because the carbonic anhydrase activity is mainly localized intracellularly, the cells were incubated for 1 h at 37 0C to ensure equilibration of the enzyme inhibitor. Subsequently 3Cl-and H14CO3 were added to the suspension that was incubated for another 30 min. The cells were next centrifuged, and the isolated and packed erythrocytes were used for the measurement of 36Cl-and H'4CO3-efflux rates at 37 0C with the rapid flow tube technique, as described elsewhere (Brahm, 1977 (Brahm, , 1989 . In short, the radioactively labelled cells were continuously injected into a mixing chamber and mixed with a continuously injected non-radioactive medium (350 ml).
The suspension flowed with a constant velocity along a pipe with inserted filtration ports at predetermined distances, which made it possible to obtain cell-free filtrates at predetermined times after mixing.
Because of the limited amount of cells of younger embryos (younger than day 12), the experiments were scaled so that as little as 70-100,ul of cells was used per run. Furthermore, a regaining procedure was used, so that cells were used once or twice again for efflux experiments (cf. Table 2) Chloride self-exchange at 0 0C
The washed and pelleted cells were weighed and incubated for 30 min at room temperature in medium C, to which 36Cl-was added. After the incubation period aliquots were taken for the determination of the specific activity and the intracellular activity and for the measurements of chloride self-exchange with the Millipore-Swinnex filtering technique accordingly to Dalmark & Wieth (1972 (Sieger et al. 1993 ).
Determination of the rate of anion efflux The experiments showed that the increase of radioactivity in the filtrates, conveniently transformed into the intracellular decrease of radioactivity in accordance with a twocompartment model with constant volumes, followed firstorder kinetics:
where at, ao and aoo are the extracellular radioactivities (c.p.m. ml') at time t, time zero and at equilibrium, respectively. Hence, (at -a.) /(aO -a.) is the tracer that remains in the cells at time t. The slope of the semilogarithmic plot, k (s1), of the left-hand expression of eqn (1) vs. t, represents the numerical value of the rate coefficient of the efflux process. Since the experiments were carried out at a very low haematocrit, 0 03-0 4 %, -k is equal to the rate coefficient for the unidirectional tracer efflux.
Permeability
The permeability coefficient, P (cm s'), of the red cell membrane was calculated by:
P= kVE/A, (2) where VW/A is the ratio (in cm) of the cell water volume to the cell membrane area that changes during maturation (cf. above and Table 1 ).
RESULTS

Area and volume of chick embryonic erythrocytes
The apparent permeability of the chick embryonic red cell membrane cannot be determined directly, but is calculated from determinations of the efflux rates of the radioactive labelled ions and the ratio of the cell water volume to the membrane area (cf. the Methods section). Hence, because the cell volume and area changes during the maturation it is of critical importance to determine cell water volume and membrane area at each day of development. Table 1 shows the results of a series of determinations in chick embryonic erythrocytes. The table also includes numbers for chicken red cells as well as adult and fetal human red blood cells. preloaded cells into an initially isotope-free solution. The experimental conditions imply that self-exchange was studied by measuring the unidirectional efflux of tracers. Figure 1 shows that in red cells from days 4 and 6 both fast efflux rates (A and C), similar to those of older cells, and slow efflux rates (B and D) were determined. Semilogarithmic plots of chloride and bicarbonate efflux as a function of time from erythrocytes of 4-(A and B) and 6-day-old chick embryos (C and D). 0, Cl-efflux; 0, HC03 efflux. The ordinate expresses the fraction of radioactivity that remains in the cells at time t, where at, ao and ao are the extracellular radioactivities (c.p.m. ml-l) at time t, time zero and at equilibrium (for a detailed discussion, see Wieth & Brahm (1980) ). The negative value of the slopes of the plot equals the rate coefficient (k, s') of the anion self-exchange transport. The half-time of the exchange, t; (s), is related to k by t4 = (ln 2)/k. Different experiments carried out at days 4 and 6, of which represantative data are presented in A-D, show that the results could be classified into two groups: (a) fast-transporting red cells at days 4 and 6 (A and C) with half-times for Cl-and HC03-self-exchange similar to those of adult chicken and human red blood cells, and (b) slow-transporting red cells (Band D) with half-times of 0 5 s (at day 4) and 0-25 s (at day 6). Note also that at day 4, t', for Cl-is lower than for HC03-, both in fast-and slow-transporting cells. The experiments were performed at pH 7-7 and 37 'C. Figure 3 depicts the apparent bicarbonate and chloride permeabilities as a function of embryonic age. The scatter in the data is conspicuous, in particular at days 4 and 6, and suggests marked functional heterogeneities of band 3 in early development.
Re-use of cells for efflux experiments. After some of the efflux experiments the cells were recovered and used for more efflux experiments. Table 2 shows the reproducibility in three experiments with erythrocytes from day 4, day 6 and day 12 embryos.
Chicken and human red blood cells. Figure 4 illustrates that the efflux rates in chicken red blood cells changed very little when pH was changed from a physiological value of 7-2 (A) to 7*7 (B). Because the cell water content is not much altered by a change of 0.5 pH units (5-6 %), the efflux rate coefficients can be regarded as proportional to the relative apparent permeabilities. complete inhibition of the intracellular catalysed hydration/dehydration of CO2 (B). The data in Fig. 5 are not adjusted for the extracellular trapping of radioactivity, which -by extrapolation of the chloride efflux curvesappears to be about 20 % (the trapped extracellular radioactivity at time t = 0 does not participate in the efflux process, and does not contribute to the slope of the curve; for more details see Brahm, 1989) . If the cells were not treated with acetazolamide, a certain fraction of the intracellular "C-radioactivity, ca 25 % (the difference between the intracellular chloride and bicarbonate radioactivity at the first sampling time, was lost 'instantaneously' and probably as "CO2.
The non-linear pattern of the depiction in the semilogarithmic plot is similar to that described and explained recently by Gasbjerg & Brahm (1991) . Here the experiments were carried out to illustrate the importance of inhibiting the enzyme in order to get linear efflux curves representing H4CO3-efflux, and to show that inhibition of the hydration/dehydration of CO2 does not affect the bicarbonate or chloride flux. The differences in half-times of 55 and 45 ms (Fig. 5) in the presence of acetazolamide are due to normal experimental variation of results and do not indicate a specific effect of acetazolamide on Cl-efflux (Gasbjerg & Brahm, 1991) . Inhibition of chloride and bicarbonate self-exchange at 0O0
We examined whether the high anion transport rates that were determined in this study can be inhibited by 4,4'-diisothiocyanostilbene-2,2'-disulphonate (DIDS), which is an efficient inhibitor of AEI-mediated transport in other red cells. The experiments were conveniently carried out at 0 00, where fewer cells were required than at body temperature. Table 3 shows the inhibition of chloride transport by 1 mm DIDS in embryonic erythrocytes from days 6 and 16.
Determination of pHi
Internal pH was determined by means of the fluorescent dye SNARF AM-1, and measured in 4-to 16-day-old red blood cells. decreases from about 0-6 at day 4 and day 6 to about 0-25 at day 16.
DISCUSSION
Anion transport
It has previously been shown that the transport of chloride and bicarbonate, the physiologically most important anions, is rapid and similar in human red blood cells from adult and late fetuses (Brahm, 1977; Wieth & Brahm, 1982; Brahm & Wimberley, 1989) . A similar high rate of anion transport has also been demonstrated in adult chicken red blood cells (Brahm & Wieth, 1977) as well as in red blood cells from all other warm-blooded animals so far studied. Apparently the rapid exchange of anions, which is a partial step in the C02 transport by the blood from tissues to the lungs, is essential for life. The extent to which the anion transport function of band 3 protein is a functional necessity in early development is an unsettled question. Interestingly the anion transport system is absent in red cells from lampreys (Ohnishi & Asai, 1985; Ellory, Wolowk & Young, 1987) . The study by Brahm & Wimberley (1989) shows that human fetal red cells at the time of parturition have an anion transport system with kinetics very similar to those of adult red cells. In the present study we were able to determine anion transport in red cells from chick embryos between 4 and 16 days of development. During this period the composition of the embryonic blood undergoes major changes with respect to red cell type and haemoglobin composition (Bruns & Ingram, 1973) . In brief the first red cell population -primitive red cells -are released into the circulation as immature erythroid precursors and they complete their differentiation inside the circulation. Thus primitive red cells from day 4 are still in a proliferative cycle whereas primitive red cells from day 6 are terminally differentiated postmitotic cells. Beginning with day 6 a second population of red cells -the definitive red cells -enters circulation and rapidly replaces the primitive cell type, so that by day 16 the circulating blood contains only marginal numbers of primitive red cells (Bruns & Ingram, 1973) . The results clearly show that even at the earliest stage (day 4) the cell membrane transports chloride and bicarbonate with rates that unquestionably demonstrate the presence of transport mechanism(s) in the membrane.
The apparent permeability coefficients are in the range of 1-30 x 10-4 cm s' as compared to permeability coefficients of the order of 101-o10-2 cm s' determined for lipid bilayer membranes (Toyoshima & Thompson, 1975) and 4 x O-4 cm sI in human red blood cells (Brahm, 1977) .
While very little variation is observed in mature adult red cells from humans and chicken, the data for chick embryo red cells show marked differences, in particular at days 4 and 6. The scatter of data (cf. 
